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INTRODUCTION

Physical inactivity is regarded as the greatest pub-
lic health problem of the 21st century1 because of its 
high prevalence in the world population and associated 
problems. The negative effect of a sedentary lifestyle 
is associated with an increased risk of morbidity and 
worsening of many chronic diseases such as car-
diovascular disease (CVD), congestive heart failure 
(CHF), stroke, osteoporosis, obesity, type 2 diabetes, 
some types of cancer and hypertension2. The many 

consequences of this problem led the World Health 
Organization (WHO)3 in 2014 to set, within the 9 global 
non-communicable diseases (NCDs), targets for the 
year 2025, of which two were related to physical activ-
ity (PA). First, a relative reduction of 25% in premature 
mortality from cardiovascular diseases, cancers, and 
diabetes by 2025, in which PA plays an important 
role4. Second, in Target 3, a 10% relative reduction in 
the prevalence of insufficient physical activity.

SUMMARY

AIM: The aim of the present study was to compare the effects of detraining on physical performance, blood pressure, biologic and 
anthropometric variables of hypertensive elderly individuals, grouped by two levels of previous physical activity.

METHODS: A total of 87 elderly individuals (70 to 93 years old) with systolic/diastolic blood pressure levels above 120/80 mmHg who 
participated during 18 non-consecutive months in 2 years in physical exercise programs offered in northern Portugal communities were 
included in the study. Tests were performed before and after three months of no exercise. Attendance to the exercise sessions, hema-
tological markers, cardiorespiratory function, and anthropometric variables were assessed. The results were analyzed according to the 
fulfillment of the WHO recommendations on moderate physical activity (at least 150 minutes/week).

RESULTS: Weight, total cholesterol, and glucose were influenced by the amount of physical activity performed previously to the detraining 
period. After the detraining period, the total cholesterol, glucose, insulin, and weight had significant differences influenced by the amount 
of physical activity previously performed (p<0.05).

CONCLUSIONS: The number of minutes per week of aerobic and resistance exercise training over 18 non-consecutive months was not a 
significant determinant factor in the development of hypertension during the three months of detraining.
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87 elderly individuals aged between 70 and 93 years 
were recruited from several cities in the region of 
Minho in Portugal, where the city council offered 
physical exercise programs for the elderly in munic-
ipal sports centers.

The inclusion criteria were: (a) Levels of SBP/DBP 
>120/80 mm Hg at the end of the exercise programs; 
(b) voluntary participation and signing of written 
informed consent. All individuals with BP lower than 
the aforementioned and those who had declined vol-
untary participation were excluded from the study.

Procedure
All potential participants who met the inclusion cri-

teria were first informed about the study characteristics 
and protocol. Then, they were asked to sign a written 
informed consent prior to participation. The study was 
approved by the Scientific Council’s Ethics Committee 
of the Polytechnic Institute of Viana do Castelo and 
was carried out in accordance with the Declaration of 
Helsinki Standards (World Medical Association, 2013), 
following the European Community guidelines for Good 
Clinical Practice (111/3976/88, July 1990).

A general clinical interview and a fitness test were 
conducted, besides obtaining data on attendance to 
the exercise programs, as well as anthropometric and 
biochemical variables.

In order to analyze detraining effects, variables 
were analyzed in the last month of training: June 
(T0) prior to finishing the exercise program, and after 
physical inactivity for three months, in October (T1), 
during the first month of activity. During this period, 
participants led a normal life and did not participate 
in said exercise programs. The researchers who ana-
lyzed the data were blinded to the amount of physical 
activity carried out by the subjects.

Assessment
The Six-Minute Walking Test (6MWT) was used to 

assess the physical condition in terms of cardiovascu-
lar function. This test is an amendment to the original 
Cooper’s 12-Minute Walk-Run Test10 and evaluates 
the maximum distance a person is able to walk in 6 
minutes. It is widely used in people with cardiovas-
cular or pulmonary diseases and it has been proven 
to be a good predictor of peak oxygen consumption 
(VO2max) and survival in patients with heart failure 
(r=0.64; p<0.001)11.

Blood samples were obtained after a minimum 
of eight hours of fasting, with the subject in a 

One of the most common health complications in 
which physical inactivity plays an important role is 
high blood pressure (HBP). A person is considered to 
have HBP when the systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) are greater than 120 
and 80 mmHg, respectively. A chronic or persistent 
increase of blood pressure (BP) can be classified as 
prehypertension (120-139/80-89 mm Hg) or arterial 
hypertension (AH) (≥140/90 mm Hg)5. Prehyperten-
sion is already associated with an increased risk of 
cardiovascular diseases (CVD)6. Although age, male 
sex, and family history are non-modifiable risk fac-
tors for CVD, there are also other relevant factors, 
such as unhealthy eating habits (e.g. excessive salt 
consumption), smoking, and sedentarism, which can 
be prevented. Indeed, WHO’s aims for 2025 focused 
also on a 30% relative reduction in the mean intake of 
salt/sodium (Target 4) and a 25% relative reduction in 
the prevalence of increased blood pressure (Target 5).

Scientific literature has reported the benefits of 
adapted physical exercise in patients with this health 
condition, demonstrating that a single session of aer-
obic exercise at an intensity of 50-100% of VO2max 
produces a lowering of 18-20 mm Hg in systolic and 
7-9 mm Hg in diastolic blood pressure7. These changes 
remain for 12–16 h after exercise, and the maximum 
changes in blood pressure have been observed in indi-
viduals with mild (Stage I) hypertension. Therefore, 
the promotion of healthy habits is especially important 
at this stage due to the frequently observed benefits 
in both prehypertensive and hypertensive patients7,8.

However, the authors understand that there is lit-
tle knowledge demonstrated on how these and other 
AH related variables change when regular physical 
exercise is stopped over a period of time. Hence, the 
importance of knowing the extent to which the effects 
of physical exercise are sustained over time after 
suspension of exercise, and whether such detraining 
poses a risk to individuals.

Therefore, the aim of the present study was to com-
pare the effects of detraining on physical performance, 
blood pressure, biologic and anthropometric variables 
of hypertensive elderly individuals, grouped by two 
levels of previous physical activity.

METHODS
Participants

The sample was taken from an already published 
study with a high number of participants9. A total of 
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sitting position, using standard clinical laboratory 
methods. Serum variables were measured with 
COBAS 711 and 6000 analyzers (Roche Diagnostics, 
Mannheim, Germany) and included glycated hemo-
globin (HbA1c), cholesterol (HDL, LDL and total), 
triacylglycerol, blood glucose, insulin, and D-Vita-
min levels.

The anthropometric variables analyzed were 
weight (Tanita BC-418 Body Composition Analyser, 
Tanita Corporation, Tokyo, Japan), height (Seca 202 
Measuring Rod, Seca Gmbh & Co, Hamburg, Ger-
many), and Body Mass Index (BMI). Evaluation of 
SBP and DBP was done with an electronic sphygmo-
manometer (Omron M6, Omron Healthcare Group, 
Kyoto, Japan) following the recommendations from 
international guidelines.

Exercise program
The exercise program carried out comprised fit-

ness exercises from Monday to Saturday, with 50 
minutes/week sessions held in the mornings over 9 
months of the year. The sessions were supervised by 
Physical Education graduates, wherein exercises had 
a (65%) aerobic component and included lower limb 
strengthening exercises (35%), performed at moderate 
intensity. The program was carried out over a two-year 
period, in 18 non-consecutive months.

Statistical analysis
For statistical analysis of the results, subjects 

were divided into two groups depending on whether 
the amount of workout in minutes/week was higher 
(G>150) or lower (G<150) than 150 minutes/week, 
which is a cut-off point based on the WHO recom-
mendations3. Data analysis was divided into two 
parts. The first part consisted of a descriptive anal-
ysis of the study sample based on the frequency of 
physical exercise per week (<150 min/week; ≥150 
min/week). The Kolmogorov-Smirnov test was used 
to verify the normality (p>0.005) of the variables 
studied. The Student’s t-test was used for indepen-
dent data, both at T0 and T1, in order to establish 
the presence or absence of differences between the 
two groups. Subsequently, an inferential covariance 
analysis (ANCOVA 2X2) was performed with the fol-
lowing covariates: age, sex, and education level. A 
p-value <0.05 was considered significant. The SPSS 
Statistical package 20.0 for Windows (IBM Corp., 
Armonk, N.Y., USA) software was used for statisti-
cal analysis.

RESULTS

A total of 87 participants (69.4% female and 30.6% 
male) completed the follow-up phase carried out at the 
end of the exercise program, during which the average 
age of the sample was 78.5 ± 2.6 years.

Start of the follow-up
Table 1 shows the values of the physical variables, 

blood pressure, and complete blood count (CBC) at 
the start of the follow-up. Data are categorized by 
minutes of physical activity per week. No significant 
differences in SBP and DBP were observed between 
the two groups. However, the G>150 presented SBP 
values considered as high-normal (130-139 mm Hg) 
while the average values in G<150 exceeded 140 mm 
Hg, which is considered as Stage 1 hypertension. DBP 
values were optimal (<80 mm Hg) in both groups. In 
the remaining variables, significant differences were 
seen only in weight, BMI, and in the distance covered 
in the 6MWT test, in which BMI presented lower val-
ues while more distance was covered in the 6MWT, 
in the G>150.

As far as cardiovascular risk factors (CRF) are con-
cerned, despite total cholesterol in both groups being 
higher than 190mg/dL, the LDL, HDL, or triglyceride 
levels did not reach values that indicate the presence 
of dyslipidemia. On the other hand, the fasting plasma 
glucose in both groups was higher than 102 mg/dL, 
values considered as CRF (102-125 mg/dL)5. More-
over, in the G<150 group, the BMI was higher than 
30 kg/m2. A second evaluation was performed after 
the 3-month inactivity period (detraining). Significant 
differences were found between the groups: the total 
distance covered in 6MWT and vitamin D levels were 
higher, while the total cholesterol, triglycerides, and 
insulin were lower in the G>150 as compared to the 
G<150 (Figure 1).

Table 2 shows a comparative analysis of the two 
evaluation times (T0 and T1) for the two groups. Sig-
nificant differences were found in the development 
of some variables for T0 and T1 in both groups. These 
differences were lower weight gain (p = 0.010) and 
BMI (p = 0.002) in the G<150 versus the G>150, as 
well as a decrease in total cholesterol (p = 0.003) in 
the G>150 compared to an increase in the G<150, a 
further reduction in HDL-cholesterol levels (p = 0.023) 
in the G>150 versus the G<150, a slight increase in 
glucose (p = 0.046) in the G>150 versus the G<150 and 
a greater increase in insulin (p = 0.004) in the G>150 
versus the G<150.
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DISCUSSION
The aim of the present study was to compare the 

effects of detraining on physical performance, blood 
pressure, biologic and anthropometric variables of 

hypertensive elderly individuals, grouped by two lev-
els of previous physical activity. They participated in a 
2-year physical exercise program promoted by differ-
ent city councils in the North of Portugal. The analysis 

TABLE 1. AnTHROPOMETRIC, PHySICAL PERFORMAnCE, bLOOD PRESSURE, AnD bIOCHEMICAL VARIAbLES AFTER 
18 nOn-COnSECUTIVE MOnTHS OF EXERCISE TRAInInG In SUbJECTS EXERCISInG <150 OR ≥150 MInUTES PER 
wEEK (n = 87).

Amount of exercise
Total
n=87

<150 min/week
n=41

≥150 min/week
n=46

Mean Sd Mean Sd Mean Sd
Age (years) 78.5 2.6 78.3 2.4 78.6 2.7
Sex (n Female) 60 28 32
Frequency (n/week) 3.3 0.9 1.6 0.5 5.1 1.3

Physical variables
weight (kg) 69.9 11.7 73.4 11.7 66.3 10.4*
Height (cm) 155.7 8.2 156.0 8.6 155.3 7.3
bMI (kg/m2) 28.8 4.1 30.3 5.0 27.4 3.4*
Total distance walked in 6 minutes (m) 408.8 122.7 360.2 144.2 457.5 101.1**
blood Pressure
Systolic blood Pressure (mmHg) 139.2 21.3 141.9 14.9 136.5 15.5

Diastolic blood Pressure (mmHg) 73.9 10.0 74.8 9.1 73.0 8.3
blood-count
Glycosylated Hemoglobin (%) 6.1 1.0 5.8 0.7 6.3 1.3
Cholesterol total (mg/dL) 198.1 44.3 200.9 33.6 193.3 43.3
Cholesterol HDL (mg/dL) 62.8 19.2 62.9 14.2 62.6 25.6
Cholesterol LDL (mg/dL) 109.3 41.1 109.0 39.3 109.7 36.4
Triacylglycerol (mg/dL) 125.3 47.8 145.3 141.0 105.3 55.0
Glucose (mg/dL) 108.9 29.5 102.1 16.7 115.7 37.7
Insulin (µUI/mL) 7.1 3.3 6.9 3.0 7.2 3.3
D-Vitamin (OH25) (ng/mL) 15.9 7.4 17.6 7.8 14.2 7.2

*p<0.05;**p<0.001

TABLE 2. TIME X GROUP InTERACTIOn AnALySIS.

Mean difference from Baseline (95% CI) Factor Moment x Group
p-Value ANCOVA<150 min/week

n=41
≥150 min/week
n=46

weight (kg) 0.6 (-1.8 to 1.6) 5.3 (3.0 to 7.6) F2,85=6.125; p =0.010
Height (cm) -0.4 (-0.8 to 0.1) -0.1 (-0.8 to 0.6) F2,85=3.198 p =0.161
bMI (kg(m2) 0.1 (0.9 to -0.7) 2.2 (-0.0 to 4.5) F2,85=8.695; p =0.002
Total distance walked in 6 minutes (m) -36.1 (-16.4 to 55.7) -31.0 (-11.0 to -50.9) F2,85=1.222 p =0.675
Sistolic blood Pressure (mmHg) 3.7 (-7.2 to 14.7) 6.0 (-0.5 to 12.5) F2,85=1.879 p =0.456
Diastolic blood Pressure (mmHg) 2.0 (-2.2 to 6.4) 1.6 (-0.6 to 3.8) F2,85=2.058 p =0.321
Glycosylated Hemoglobin (%) 0.1 (-0.1 to 0.3) -0.3 (-0.0 to -0.6) F2,85=3.214 p =0.111

Cholesterol total (mg/dL) 12.6 (-2.6 to 27.9) -1.2 (-7.1 to 9.6) F2,85=7.621 p =0.003
Cholesterol HDL (mg/dL) -0.3 (-0.2 to -0.8) -4.5 (-2.4 to -6.5) F2,85=4.698 p =0.023
Cholesterol LDL (mg/dL) 10.4 (2.0 to 18.8) 1.1 (-1.5 to 3.7) F2,85=1.789 p =0.210
Triacylglycerol (mg/dL) -11.1 (-1.6 to 23.8) -14.1 (14.7 to -42.9) F2,85=2.221 p =0.581
Glucose (Jujum) (mg/dL) 12.8 (10.6 to 14.9) 6.9 (-9.3 to 23.1) F2,85=1.879 p =0.459
Insulin (µUI/mL) 1.4 (-0.3 to 3.1) 5.0 (-1.6 to 8.3) F2,85=6.657; p =0.004
D-Vitamin (OH25) (ng/mL) 1.3 (-1.7 to 4.2) -0.6 (-1.8 to 3.0) F2,85=3.874; p =0.326

Repeated measures for the AnCOVA analysis and analysis of variance F tests were used. Covariates included age, sex, education level.
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FIGURE 1. AnALySIS OF bIOCHEMICAL VARIAbLES In THE GROUPS <150MIn/wEEK AnD ≥150 MIn/wEEK (AFTER 
TRAInInG - DETRAInInG).

*p<0.05

was carried out three months after completion of the 
program and focused on the number of exercise min-
utes per week.

Numerous studies have documented the useful-
ness of physical exercise for reducing cardiovascular 
risk factors, among which is HBP12,13. The mechanism 
involved seems to be the reduction of arterial stiffness 
due to physical exercise by increasing serum levels of 
nitric oxide (determinant factor in endothelial relax-
ation), and also by producing adropine, whose levels 
increase with exercise14.

The findings from our study are of special relevance 
for several reasons. Firstly, studies that have analyzed 
the effects of physical exercise on SBP/DBP in different 
population groups did not regularly report on any fol-
low-up periods after the intervention, which may be a 
limitation for studying the residual effects of detraining 
on these variables7. This study intends to provide rele-
vant information on this issue. Secondly, the follow-up 
periods subsequent to physical exercise programs with 

a duration greater than 6 or 12 months are even less 
analyzed. Cornelissen and Smart7, in their systematic 
review and meta-analysis, reported that prolonged 
exercise programs of more than 6 months were asso-
ciated with a lower reduction in BP values than those 
of shorter duration. They suggest that this may be due 
to longer programs having fewer supervised sessions, 
and hence lower attendance at sessions. Therefore, in 
order to analyze the residual effects of exercise on sub-
jects that participated routinely in the programs, this 
study focused on the number of minutes per week, rep-
resentative of the adherence to the exercise sessions. 
Thirdly, as indicated by Cornelissen and Smart7, there 
are very few studies that have actually carried out com-
bined physical exercise programs, and our study is one 
such example. Moreover, recent research indicates 
that the effects of combined strength and cardiovas-
cular endurance programs may produce better results 
than programs that focus only on a single physical 
capacity12,13,15.
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Participants were initially assessed after complet-
ing the exercise programs and significant differences 
were only found between groups in the 6MWT and in 
their weight. The G<150 presented a higher weight, 
BMI>30 kg/m2, considered as obesity level I, and its 
relationship with physical activity is unmistakable4. 
Literature also indicates that weight reduction is 
associated with a higher reduction in SBP and SDP 
values7. There was no significant difference between 
groups for SBP. In the G>150 group, average values 
did not reach the cut-off point established for Stage 1 
hypertension (SBP/DBP ≥140 mm Hg); however, this 
did happen in the G<150 group. The effect that the 
more physical exercise the better the BP has been 
amply demonstrated in the literature, hence this sit-
uation is probably influenced by the previous physical 
activity levels7. Another important aspect worth men-
tioning is that exercise intensity has been identified 
as a determinant factor for reducing BP7. Therefore, 
the present study groups were engaged in exercise 
programs of similar intensity, duration, and type, the 
only difference being in the program carried out, the 
frequency per week, and consequently the accumu-
lated physical exercise in minutes/week. This is why 
the present results are exempt from this influence. 
After a 3-month detraining period, no significant SBP/
DBP differences were found in any of the groups or 
in the analysis of interaction time/group. There is 
nevertheless an increasing trend in it, which is more 
pronounced in the G>150. The authors feel that this 
rebound effect of BP recovery conditioned by the 
amount of physical exercise performed has not been 
reported previously7. One of the explanations could 
be related to the increase in weight and BMI after the 
detraining period, which was more pronounced in the 
G>150 compared to the G<150. Considering that BMI 
has been positively associated with BP16, it is reason-
able to think that the increase in BMI could have influ-
enced the increase of BP in the G>150. Nevertheless, 
more research is needed in order to identify how this 
or other parameters, such as the previous levels of 
physical activity, could influence this rebound effect.

In terms of the 6MWT, at baseline, the G>150 
group covered more distance in the 6MWT, something 
expected due to the widely documented relationship 
between the test and the amount of physical activity 
undertaken17,18. The distance covered by both groups 
in this test was lower than that reported by Araújo 
et al.19 in the Portuguese high BP population with an 
average age of 71 years. The differences in the results 

of the 6MWT may be because the average age in our 
sample was higher than that in Araújo et al.19 (78 years 
vs. 71 years), and the average BMI value in our sample 
was higher. Both these factors have been established 
as influential in the results of the 6MWT20. After the 
three months of detraining, significant differences 
were again observed in terms of higher total distance 
covered in the test, but no significant differences were 
identified in the analysis of interaction time/group. 
This indicates a trend towards greater maintenance 
of physical activity-related functional capacity after 
a detraining period. These results are in line with 
those reported by other studies21, considering that 
health condition is a determining factor in the results 
of the 6MWT22 and that the G<150 group had higher 
BP values.

The relationship between the cumulative level of 
physical activity and its influence on other biochemi-
cal variables is well documented in the literature and 
is present in the remaining variables, where signifi-
cant differences were observed in the case of low total 
cholesterol (significantly higher in the G<150), as well 
as in triglycerides23. A lower increase in glucose level 
was observed in the G>150 group compared with the 
G<150, and results are in line with other studies24. 
Given that there was no nutritional intervention and 
assuming that eating habits did not change in the 
participants, the explanation for the high D-vitamin 
concentration is perhaps because the baseline evalua-
tion (start of the follow-up) was carried out before the 
summer, while the second evaluation was performed 
later, hence the higher exposure to UVB rays. The dif-
ferences between the groups could be due to the fact 
that participants who did more activity were outdoors 
in sunlight during the three months of follow-up, and 
the vitamin D concentration can also be related to the 
level of physical activity25.

Even though the findings from this study may be 
of relevance for the reasons outlined above, there are 
still a number of limitations that need to be consid-
ered. In the first place, we were unable to obtain data 
prior to the exercise program, which would have facil-
itated analysis of their development and better con-
textualization of the differences between both groups 
during the follow-up period. Secondly, no informa-
tion was collected on whether participants smoked 
or not, and the amount of tobacco consumed during 
the study period.

In conclusion, the number of minutes per week 
of aerobic and resistance exercise training over 18 
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non-consecutive months was not a significant determi-
nant factor in the HBP development during the three 
months of detraining after a 2-year exercise program 
in the sample of 87 elderly HBP individuals aged 70 
to 93 years. However, other variables such as weight, 
total cholesterol, and glucose may be influenced by 
the amount of physical activity undertaken and thus 
have a protective effect at a cardiovascular level in 
this population.
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RESUMO

OBJETIVO: O objetivo do presente estudo foi comparar os efeitos da desvalorização do desempenho físico, da pressão arterial e das 
variáveis bioquímicas e antropométricas dos idosos hipertensivos, dependendo de duas categorias de atividade física prévia.

MÉTODOS: Foram incluídos no estudo 87 idosos (70 a 93 anos) com níveis de pressão arterial sistólica/diastólica superiores a 120/80 
mmHg que participaram durante 18 meses não consecutivos em dois anos em programas de exercício físico. Os testes foram realizados 
antes e depois de três meses sem programas de exercícios. Foram avaliados a frequência das sessões de exercício, marcadores hema-
tológicos, função cardiorrespiratória e parâmetros antropométricos. Os resultados foram analisados de acordo com o cumprimento das 
recomendações da OMS sobre atividade física moderada (pelo menos 150 minutos/semana).

RESULTADOS: O peso, o colesterol total e a glicose foram influenciados pela quantidade de atividade física realizada previamente ao 
período de destreinamento. Posteriormente, o colesterol total, a glicose, a insulina e o peso apresentaram diferenças significativas 
influenciadas pela quantidade de atividade física previamente realizada (p<0,05).

CONCLUSÕES: O número de minutos por semana de treinamento aeróbico e de exercícios resistidos durante 18 meses não consecutivos 
não foi um fator determinante significativo na evolução da hipertensão durante os três meses de destreinamento.

PALAVRAS-CHAVE: Idoso. Qualidade de vida. Exercício. Hipertensão.
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